Insulin signaling and skeletal muscle atrophy and autophagy in transition dairy cows either overfed energy or fed a controlled energy diet prepartum.
During periods of negative energy balance, mobilization of muscle is a physiologic process providing energy and amino acids. This is important in transition dairy cows experiencing negative energy and protein balance postpartum. Overconsumption of energy during late pregnancy affects resting glucose and insulin concentrations peripartum and increases the risk for hyperketonemia postpartum, but the effects on muscle tissue are not fully understood. Skeletal muscle accounts for the majority of insulin-dependent glucose utilization in ruminants. Our objective was to study peripartal skeletal muscle insulin signaling as well as muscle accretion and atrophy in cows with excess energy consumption prepartum. Skeletal muscle biopsies were obtained 28 and 10 days prepartum, as well as 4 and 21 days postpartum from 24 Holstein cows. Biopsies were taken immediately before and 60 min after intravenous glucose challenge causing endogenous release of insulin. Gene expression of IGF-1, myostatin, and atrogin-1, as well as immunoblot analysis of atrogin-1, muRF1, ubiquitinated proteins, LC3, and phosphorylation of AKT, ERK and mTORC1 substrate 4EBP1 was performed. Excess energy consumption in late pregnancy did not lead to changes in insulin-dependent molecular regulation of muscle accretion or atrophy compared with the controlled energy group. In both groups, phosphorylation of AKT and mTORC1 substrate was significantly decreased postpartum whereas proteasome activity and macroautopagy were upregulated. This study showed that in addition to the proteasome pathway of muscle atrophy, macroautophagy is upregulated in postpartum negative energy and protein balance regardless of dietary energy strategy prepartum and was higher in cows overfed energy throughout the study period.